Summary. Samples of oviducal fluid were collected daily from sheep with indwelling catheters. Fluid samples taken from both oviducts of 2 sheep for 2 cycles during the middle of the breeding season (April/May) (8 sets of data) were compared with 9 sets of data generated from 2 cycles in 3 sheep later in the breeding season (June/July). Around the period of oestrus, the output of oviducal fluid increased to a peak volume of 1 \m=.\56\ m=+-\ 0\m=.\35ml per day (mean \ m=+-\ s.d.) compared with a mid-cycle volume of 0\m=.\49 \ m=+-\ 0\m=.\29ml. Later in the breeding season, the flow rates were lower, but showed the same trend (0\m=.\91
Introduction
Oviduct fluid is the medium in which the mammalian egg is normally fertilized and in which the first few cell divisions of the embryo take place. Using oocytes from women or laboratory animals, such as mice, rats and rabbits, many workers have been able to achieve fertilization and early cleavage in vitro, resulting in normal pregnancies after transfer back to the mother or surrogate.
However, studies on in-vitro fertilization of oocytes from domestic farm animals have been much less successful (Wright & Bondioli, 1981) . Only low levels of fertilization have been reported and these have generally been when the spermatozoa have been matured in vivo in the oviduct of the same or similar species, or when oocytes were collected from the oviduct. It is therefore possible that specific proteins in the oviducal fluid are needed to facilitate fertilization in sheep and cattle.
It has been suggested that the fertilized egg and developing embryo release a signal called 'ovum factor' (Cavanagh, Morton, Rolfe & Gidley-Baird, 1982) or 'zygotin' (Nancarrow, Wallace & Grewal, 1981) . This factor, believed to be a peptide, diffuses through the oviducal fluid to induce either the oviduct and/or the ovary to produce a component of early pregnancy factor : a putative immunosuppressive agent produced within a few hours of fertilization (for review, Whyte & Heap, 1983) . Therefore, an examination of the proteins in oviducal fluid from oestrous or pregnant animals could reveal components which are important for fertilization, early embryonic develop¬ ment or maternal recognition of pregnancy.
The techniques for collecting oviducal fluid are well established and studies on a number of mammals, including sheep, cattle, pigs, rabbits, rats, monkeys and women, have shown that the rate of flow of oviducal fluid increases for a few days around the time of ovulation in response to oestrogen (for reviews, Perkins, 1972; Stone & Hamner, 1975; Edwards, 1980) . This paper describes the occurrence of a glycoprotein in ovine oviduct fluid from non-pregnant ewes when the flow rate is high after oestrus. Because a seasonal difference in the oviduct fluid flow rates has been observed (Murray, Goode & Linnerud, 1969) MI, U.S.A.) . A small ridge of Silastic was moulded around the tubing 2 mm from the end which was secured into the top of the ampulla with Metric 2 silk. The uterotubal junction was ligated with the silk to ensure that no contamination with uterine secretions occurred. The catheter lines were externalized through the abdominal wall and connected to sterile collection vessels similar to those described by Roberts, Parker & Symonds (1975 (Whitaker & Granum, 1980) . The concentration of protein is given by the formula A235-A28o/2-51. This method gave results similar to those obtained by the method of Lowry, Rosebrough, Farr & Randall (1951) .
Luteinizing hormone assay
Plasma LH concentrations were measured using a radioimmunoassay described by Radford, Nancarrow & Findlay (1978 (Campbell, Wrigley & Margolis, 1983) . Cathodic electrophoresis was run using sodium lactate buffer pH 3-1 (du Cros & Wrigley, 1979) Fig. 2) ).
The SDS gels of all the fluid samples from these ewes were silver stained to provide a more sensitive means of detection of this protein which usually stains a more orange colour compared to the brown of most proteins. The amount of this protein varied between different cycles, with the largest amount being present on the day of the peak volume or the day after in each cycle. However, To determine the native molecular weight of the oestrus-associated glycoprotein appropriate oviducal fluid samples were fractionated by electrophoresis on highly cross-linked gradient gels. Electrophoresis was performed at low pH (cathodic migration) and high pH (anodic) to overcome possible charge difference effects. After anodic electrophoresis at pH 8-3, no differences were detected between samples taken on different days of the cycle from Ewe 4 in the region of the gel in which the monomer of the oestrus-associated glycoprotein would be expected to run (Mr 80-90 000) (PI. 2, Fig. 4) . However, there was apparently more protein at the top of the gel in the samples around the time of oestrus and moreover material in this region was more highly PAS-positive in the Day-3 compared with Day -2 sample. Since this protein is pore-limited by 4% acrylamide it would have a molecular weight of several million.
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After cathodic electrophoresis (pH 31) (PI. 2, Fig. 5 ) a diffuse protein band was detected in samples for Days 0 to 2 of Ewe 5 (right oviduct). The position of this band is consistent with a molecular weight of 80-90000. This band on the gel stained with PAS in the Day-1 sample (Ewe 4, right oviduct) (PI. 2, Fig. 6 ) confirming that this is the oestrus-associated glycoprotein.
Discussion
The amounts of oviducal fluid produced at different stages of the oestrous cycle reported in this paper are similar to those described by others for the sheep (RestaU, 1966; Iritani, Gomes & VanDemark, 1969; Bell vé & McDonald, 1970; Warnes, Amato & Seamark, 1978) . The results also confirm the observation of Murray et al (1969) that the periovulatory increase in fluid flow rate is greater, earlier in the breeding cycle. Previous authors have reported similar low protein concentrations compared to serum, with fluctuations in concentration in individual animals and variation between animals. Perhaps because of this variation and the limited number of samples, there were no statistically significant trends in protein concentration reported (RestaU & Wales, 1966; Perkins & Goode, 1966; Murray et al, 1969) . The present results show a decrease in protein concentrations around oestrus in the June/July group. Since oviducal fluid in women also has a lower protein concentration around the time of ovulation (Lippes, Krasner, Alfonso, Dacalos & Lucero, 1981) , this may be the underlying trend beneath the variation.
The results are consistent with a method for oviducal fluid production developed for the rat which suggested that a protein-rich fluid is diluted in a variable manner with a protein-poor fluid (Shalgi, Kaplan & Kraicer, 1977) . Perhaps these components represent a selective transudate of plasma proteins and a larger volume of dilute fluid exuded from the epithelial cells and containing oviduct-specific proteins. It is known that, under the influence of oestrogen, secretory activity is increased in the oviducal epithelium around the time of ovulation (Edwards, 1980, review) . It is also known that oestrogen causes an increase in capillary blood flow to the oviduct in sheep. There is a 2-3-fold increase in blood flow around the time of oestrus with a peak at Day -1 and a secondary peak on Day 4 (Brown & Mattner, 1977 (1975) reported that the production and release of granules from secretory cells of the epithelium of the sheep ampulla is much higher for the first few days of the oestrous cycle, which would correspond to the period that the oestrus-associated glycoprotein is being released into the fluid.
A search of the literature reveals many reports of specific proteins in oviducal fluid and several of these are produced or released under the influence of oestrogen (for reviews, see Mastroianni & Go, 1979; Edwards, 1980 However, there is one protein which has already been described and which may be equivalent to the oestrus-associated glycoprotein. Shapiro, Brown & Yard (1974) reported the presence of a large glycoprotein (subunit size Mr 73 000) in oviducal fluid from oestrous rabbits. Using antisera they were able to demonstrate that this protein is present on the surface of 3-day but not 4-day-old embryos which have lost the mucin coat that is deposited on early rabbit embryos in the oviduct. Shapiro et al (1974) concluded that this protein forms a high molecular weight aggregate with other components to make up the mucin coat of early rabbit embryos. Although such a coat is not clearly visible in embryos of other species such as sheep, it is possible that oviducal proteins in these species do bind to the ovum and facilitate fertilization or early development.
